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ART. XVIII.-Supplement to Papel' 011 the "Pararnorpln'c Ongin 
(if the Hornblende of the Crystalline Racks of the .L\ oTtliwestern 
,'-)'tates /' by R. D. IRVING. 

IN my paper on the above subject in the July number of 
this Journal it was my design to show how widespread is the 
alteration of augite to hornblende in the rocks of the region 
referred to; so widespread, indeed, that, as stated therein, 
"after an examination of about a thousand thin sections, rep
resenting the crystalline schists, acid eruptives and basic erup
tives of a region some 400 miles in length by 300 in width, 
and of three distinct geological systems, I have found no horn
blenne that is not clearly, or very probably, secondary to 
augite." It was of course not my design to claim the first 
discovery in the rocks of this region of this elsewhere well 
known form of alteration. Such a claim would have been 
manifestly absurd. As far as concerns all the different 
classes of rocks mentioned above except the basic erupti ves, 
my descriptions and those of my assif'tant Professor C. R. 
Vanhise were indeed the first notice for this region of such a 
change, so far as I am aware; but in the basic eruptives of the 
region it had previously been repeatedly noticed by several 
lithologists, illcluding myself. Since the matter of this form 
of alteration is not unlikely to Bf'SUme sOlDe considerable im
portance, and since several geologists have been of late work
ing independently on the rocks of this region, it may tend to 
prevent possible future misconceptions if I give a brief his
torical account of the microscopic work hitherto done, and the 
bearing of the results Oil this questioll. 'l'his historical account 
was omitted from my paper, above referred to, through fear of 
making it too lengthy, it being supposed that lithologists would 
be sufficiently cognizant of the facts. 
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The earliest microscopic work upon the crystalline rocks 
of the northwest that I have learned of was that of Mr. C. E. 
Wright, of Marquette, Mich.; inJeed his work was among 
the earliest done anywhere in the countl·.Y. He published 
in 1873, in the second volume or the Report of the ~eo
logical Survey of Michigan,' descriptions of 78 sections of 
rocks of the Marquette hon-Bearing Sm'ies, including a num
ber of massive and schistose greenstones, to most of which the 
names of "diorite" and "diorite-schir::t" are given, though one 
is doubtfully referred to diabase.' But these descriptions are 
very meagre, being barely more than macl'Oscopic; and, hav
ing been made at a very early day, when the microscopic 
characters of the rock-forming minerals were much less well 
known than now, they have little preRent value, 

In 1877, A. Streng published a description of a !lumber of 
crystalline rocks from Minnesota, among them several augitic 
greenstones from the Keweenawan and older formations. 'rhe 
gabbro from Duluth, Minnesota, he descrihes as "hornblende
gabbro," it containing hornblende in addition to the augitic 
ingredient, though he does not regard the hornblende as sec
ondary in nature, which I think it undoubtedly is." 

In the same year Mr. C. E. Wright. published descriptions of 
37 rocks from Central Wisconsin.' A nUlliber of hornblendic 
schists are here included, but no mention is made of any 
augite, although several of these same rocks were subsequently 
found to carry it as cores to the hornblende individuals. 

Next in point of time should be placed the admil'able paper 
of Dr. Wichmann, which, though not published until em'iy in 
1880, left the author's hands as early as 1876.' It is a syste
matic treatise on the lithology of the Huronian of the Mar
quette and Menominee regions of Michigan and Wisconsin, 
and is based upon the examination of some 500 thin sections, 
and several times that number of hand specimens, collected by 
Major T. B. Brooks, all of whose collection Dr. Wichmann 
saw, though he never examined these rocks in the field. It is 
the only systematic treatise yet published upon the litholog,y 
of this formation, and is one which will long be a standard, 
even though the science has advanced beyond it in some re
spects. Besides bringing out many other interesting points, 
Wichmann shows for the first time that the greenstones of the 
formation are nearly altogether diabase (using the Rosenbusch 
nomenclature), contrary to the previously received views, and 
in some of these he shows that there occurs a uralitic altera-
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tion to the augite." He also shows that there are transition 
forms between the relatively !'are diorites and the diabases: 
though he does not express the opinion that the former are 
altered from the latter. He also shows that the microscopic 
charactel's of these greenstones indicate plainly their eruptive 
origin,· thus confirming the early views held by Foster and 
Whitney and numerous others, as against the later views of 
Kimbal1, Brooks, et a1. 

In 1878 appeared Pl'Olessor Pumpelly's "Metasomatic De
velopment of the Copper-Bt'aring Rocks of Lake Superior,"· a 
masterly account of the augitic greenstones of the Keweenawan 
series, and of the metasomatic changes they have undergone. 
In this account the nature of the Keweenawan traps and amyg
daloids was first shown, but no hornblende-bearing varieties 
are mentioned. 

Besides Wichmann, already mentioned, several other litholo
gists give descriptions in the third volume of the Geology'of 
Wisconsin, their work having mostly been done between 1876 
and 1878. Pumpelly, whose manuscript left him in 1878, de
scribes a number of sections from the copper sel'ies of Northern 
Wisconsin,'° among them several uralitic gabbros," in which 
the hornblende constituent has resulted from the change of 
diallage to augite. Pumpelly's s{'ctions and manuscript de
scriptions were in my bands in 1~78, and through them I first 
became !lcq uainted with this form of alteration. In Part III of 
this volume" I myself give briefly, the descriptions having 
been written in 1878-79, the results of a study of some 200 
thin sections from the Laluentian, Huronian and Keweenawan 
of Northern Wisconsin, among them a considerable number of 
sections of horn blendic or uralitic gabbros" in addition to 
those described by Pumpelly .. Olle of the latter besides sev
eml others are figured on the colored plates." I !llso describe a 
peculiar greenstone carrying" bnsaltic" hornblende and argue 
that the hornblende in it also is secondary to augite nnd show 
that in nil the Keweenawan gl'eenstoues carrying hornblende, 
and then examilled, that mineral is seeondary to augite. In 
Part III, Appendix B, A. A. Julien gives uescriptions of 
eleven I'Ocks, among them some hOl'l1blendic greenstones from 
the Huronian of the Penokee region, but evidence of the sec
ondary origi n of the hornblende was not found in his sections, 
though it is evident now that these too are uralitic. 

In Parts IV and VIII of the same volume Mr. C. E. 
Wright describes a large number of sections from the Huro
nian of the Penokee and Menominee regions, but although he 

6 pp. 607, 627, 62S. ' p. 624. b p. 62'1. 
9 Proc. Am. Acad. Sci., vol. xiii, pp. 253, 309. 10 pp. 30-49. 1\ pp. 36, 36. 
12 pp. 53-23S. 13 pp. 1 '10, I'll, 119, ISO, lSI, IS2, lS3. 
14 Plate XVE, fig. 1, and Plate XVc, figs. 4, 6, 6. 
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occasionally notices" the occurrence of augite in the green
stoneH, he still regards them as mainly diorites, even speaking 
of one case from the Menominee region as the only instance 
of diabase in the Huronian then known to him." Of the 
others who give descriptions of the Marquette and Menominee 
rocks in this volume Alport, Hawes, Julien, RlJtley and Torne
bohm, the last named only, so far as I have found, describes 
any of the secondary hornblende; but the exception is an 
important one, since he says of the horn blendic rock of Light 
House Point that it is "no true diorite, since it contains re
mains of augite." The others, however, confirm Wichmann 
in saying that diabase is widely represented in the Marquette 
and Menominee Huronian,18 and Hawes says that to judge from 
the sections some of the diabases are el'uptive.'· Brooks also 
says of the greenstones of these regions that the hornblendic 
and augitic varieties "appear to graduate into each other, but 
whether through alteration or original differences in composi
tion, cannot always be ascertained." O. 

'rhree months after the publication of the third volume of 
the Geology of Wisconsin appeared Mr. M. E. Wadsworth's 
" Notes on the Iron and Copper Districts of Lake Superior. nO! 

In these he gives the general results of the exnmination of a 
large number of thin sections. So far as the Copper Series is 
concerned his only new lithological work is in connection with 
the pebbles of the Keweenawan conglomerates,-which had 
befMe been described macroscopically only, though correctly, 
by Pumpelly and Marvine-in which he shows the frequent 
presence of the peculiar "qual·tz de corrosion" described by 
Fouque and Levy, he regarding them as old trachytes and 
rhyolites. Of these pebbles certain gmnitoid kinds, called by 
Wadsworth "granitoid trach.Ytes," carry hornblenrle, which is 
beyond doubt I think a secondal'S hornblende, though Wads
worth does not hold this view. In the notes on the iron district 
he gives field descriptions from which he argues that many of 
the rocks-including greenstones-described by Brooks and 
others as sedimentary, are eruptive, and among numerous 
other kinds, he describes briefly a number of greenstones 
from the vicinity of Marquette, Ishpeming, Republic, Hum
boldt, Champion and Negaunee, and shows that they are 
in the main augitic, thus COli firming the conclusions reached 
by Wichmann in 1876. But he goes further and shows 
that many of the hornblendic Huronian greenstones, as pre
viously shown by Pumpelly and myself for the hornblendic 
Keweenawan greem.tones of Northern Wisconsin, are but 
altered or uralitic augitic rocks, and expresses the opinion, 

15 p. 251. 
,. p. 519. 

16 p. 691. " p. 667. 18 pp. 533-599. 
.. Bulletin of the Mus. Compo Zool., vii. 

19 e. g., p. 570. 
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which so far as I know he was the first to do, that all of the 
hornblendic kinds of this Huronian region were originallv 
augitic. Speaking of the basic intrusive rocks of the regioil 
collectively, he says: "They would pass, according to the ordi
nary definitions, macroscopically and microscopically, for di
orite, quartz diorite, diabase, chlorite-schist, hornblende-schist, 
etc., yet we regard them all simply as more or less altered 
forms, according to age and conditions, of rocks that were orig
inally the same in origin, structure, composition and name,
basalt."" In his view that these ancient greenstones were once 
"basalt," Mr. Wadsworth is not wholly.peculiar, since the same 
generalization has been extended by others as well as by him 
over all ancient hornblendic ernpti ve rocks,'· while the "dio
rites" of many other regions have been shown to be merely 
altered augitic rocks." 

In 1880-81, I was engaged in a microscopic study of the 
rocks of the entire extent of the Keweenaw series, the results 
of which study are given in a memoir fOl'ming vol. v of the 
monographic series of the publications of the U. S. Geologidal 
Survey, and in an abstract of this memoir in the Third Annnal 
Report of the Survey, which pnblicationE' though in type over 
a year since, are only just about being issued. A brief pre· 
liminary announcement, of my results was given in the Second 
Annual Report of the Survey. In these publ,ications I con
clude that all of the hornblende of the eruptlves of the Ke
weenawan, acid as well as basic, is secondar.y to augite. 

In 1880-81 I stndied a suite of specimens from the Flam
beau valle.y, Wisconsin,'· and in connection wit.h my assistant 
Pro£essol' C. R. Vanhise the cr.ystalline rocks of the Wisconsin 
River vallet" belonging to the Archean. In this study not 
only did we find that all of the hornblende of the greenstones 
examined (including gabbro, diabase, diorite. etc.) was second
ary to angite, but also all of that of the hornblende gneisses, 
bOJ'llblende schists, syenites, and hornblende granites. Since 
the paper above alluded to was printed we have examined 
many more sections from the Al'chrean rocks, from Lake Hnron 
to the Mississippi, and have thus far found nothing to change 
our views . 
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